ABSTRACT
INTRODUCTION
The incidence of overweight and obesity continues to increase and has become a global problem in recent decades (Rejeki et al 2016 , Sanchez-Delgado et al 2015 . World Health Organization shows that in 2014, 39% of the world's population above 18 years old experienced overweight, while 13% experienced obesity. According to the 2013 Basic Health Research, in Indonesia, the obesity prevalence of adult males (>18 years) was 19.7%, higher than in 2007 (13.9%) and in 2010 (7.8%). Whereas, the obesity prevalence of adult female population was 32.9%, increasing from 2007 (18.1%) and in 2010 (15.5%). In 2010, obesity is estimated to cause 3.4 million deaths worldwide. Overweight and obesity are related to an increased risk of insulin resistance, metabolic syndrome, cardiovascular disease, and type 2 diabetes (Afshin et al 2017) .
Various risk factors have a relationship with overweight and obesity in Indonesia including gender (Rejeki et al 2017) and physical activity. Women have a risk of overweight and obesity at 1.76 times and 3.43 times compared to men respectively. Those who have less physical activity also have a risk of overweight (1.7 times) and obesity (2.55 times) compared to those with sufficient physical activity (Sudikno et al 2015) . Shifting the balance of energy in a positive direction will save excess energy in adipocytes of adipose tissue.
Adipose tissue can be divided into two, White Adipose Tissue (WAT) and Brown Adipose Tissue (BAT). Both types have an opposite role in energy metabolism. WAT has the ability to store energy in the form of triglycerides and releases energy in the form of free fatty acids and glycerol, while BAT releases energy in the form of heat by oxidizing glucose and lipids (Cannon & Nedergaard 2004) .
Many therapeutic modalities can be used to lose weight, including increasing physical activity, exercising, and increasing active life habits (Robert 2009). Exercise is considered as an effective method in preventing obesity (Huh et al 2014) . In 2012, Boström has found a myokine known as irisin which elevated while exercising and caused changes in subcutaneous fat tissue in experimental animals thereby improving weight regulation and glucose homeostasis (Bostrom et al 2012) .
Obesity
Overweight and obesity are conditions in which there is accumulation of fat that can affect individual health. Body Mass Index (BMI) is a simple index used to classify body mass categories in adults with kilograms per square meter (kg/m2). The following classification is according to WHO and Asia-Pacific (WHO 2016 The increase in the incidence of overweight and obesity is caused by several factors, including: (1) the energy entry that exceeds energy expenditure, then most of the excess energy will be stored as fat, (2) irregular eating arrangements, (3) inactive lifestyle, (4) environmental, social, and psychological factors causing abnormal eating behavior, (5) excessive nutrition in childhood, and (6) neurogenic disorders and genetic factors (Guyton & Hall 2014) .
Overweight and obesity are associated with various chronic diseases including heart disease, Diabetes Mellitus, cancer, and various musculoskeletal problems. Figure 1 below shows that BMI and death ratio has a linear correlation. Lifestyle intervention combined with reduction in energy homeostasis by increasing energy output through exercise and other physical activities can reduce 9% -10% initial body weight. In order to optimize weight loss, it should be balanced with adequate food intake to meet the adequacy of energy metabolism (Linda 2014).
Adipose tissue
Adipose tissue is classified based on color differences, namely white adipose tissue (WAT), brown adipose tissue (BAT) and beige/brite/brown-like adipose tissue (bAT) (Cedikova et al 2016) . WAT is divided into visceral white adipose tissue (vWAT) and subcutaneous white adipose tissue (scWAT) (Cui & Chen 2017) . WAT generally represents 20% of normal adult body weight and acts as a storage for triglycerides, from excess calories saving that will be used during starvation. WAT contributes to overall body insulation and has endocrine functions including leptin secretion, Tumor Necrotizing Factor- (TNF-), adiponectin, resistin, and other compounds associated with obesity and insulin sensitivity (Cedikova et al 2016) . Whereas, BAT involves in metabolism, especially during heat formation. Therefore this tissue is very active in some species that experience long-term hibernation and heat formation in newborns (thermogenesis without shivering) (Robert 2009). Recent research shows that adults also have BAT that are metabolically active and BAT plays an important role in homeostatic energy (Saely et al 2012) . Furthermore, bAT has a characteristic mixture between WAT and BAT. During basal conditions, bAT shows unilocular morphology like WAT, but the appearance follows the morphological features of BAT when stimulated and eventually results in the expression of a typical protein for BAT so that fats are stored into small droplet lipids like in BAT, as we see in Fig. 2 (Cedikova et al 2016) . active BAT in adult, located in the cervical, supraclavicular, mediastinal, paravertebral, and suprarenal regions (Cedikova et al 2016) .
Physical exercise
Exercise is a systematic programmed process in preparing athletes at the maximum level of performance performed repeatedly with increasing training loads (Bompa & Haff 2009) . Whereas, exercise is defined as some and all activities involving muscle activation. The term "exercise" can contain several meanings such as: practice, exercises, and training. In Indonesian these words have the same meaning, namely training, but in English each word has different meanings (Emral 2017 , Foss & Keteyjan 1998 . Practice is an activity to increase exercise skills by using equipment that suits the goals and needs. While the definition of exercise derived from the word exercises, the main tool in the daily exercise process to improve the quality of organ system. So, exercises are training materials designed and compiled by the trainer for one training session. Training is a process of improving the ability to exercise which contains theoretical and practical material, using methods and rules of implementation with a scientific approach, using the principles of planned and regular schedule (Emral 2017) .
Physical exercise that is performed regularly, systematically and continuously, all included in an exercise program can significantly increase physical abilities (Astrand et al 2003) . Exercise causes the process of adaptation to organs. But the body needs a certain period of time in order to adapt to the load during the training process. If the load is increased gradually, the body will adjust to these changes (Emral 2017) .
Factors that need to be considered in exercise are volume, intensity, frequency, and duration. Volume is the total quantity in the exercise activity performed. Another study mention that volume is a measure that shows the strength (number) of a stimulus or load (Sukadiyanto 2005) . According to ACSM (2014) the training volume consists of frequency, intensity, and time (FIT). (sumber) Based on the time, volume is classified into two types, namely: relative volume, which refers to the total amount of time from a group or team during the training phase and absolute volume which means the measure of individual work performed per unit of time (Lubis 2013 ).
Exercise intensity is a measure that shows the quality of a stimulus or load (Sukadiyanto 2005) . Intensity is the total workload of training and can be interpreted as the level of quality by giving base, moderate and severe weight (Bompa 1994 , Kent 1994 . Exercise intensity can be measured by calculating the heart rate (HR), the volume of oxygen (VO2), and metabolic equivalents (METs). Exercise intensity is usually determined by calculating the lower and upper limits of the intensity used, depend on various factors, such as age, physical fitness, physical activity, and health status (Linda 2014). The method of calculating with a maximum HR can be calculated using the MHR formula = 220 -age (Fox 1971) . Maximum HR is the amount of pulse achieved when doing maximum work (Sukadiyanto 2005). Classification of intensity of physical activity can be seen in Table 2 . The frequency of exercise is the number of times a person exercises in a week. High and low intensity of activity affects the frequency of activity, as well as both affect the duration of activity. Determination of the frequency of exercise depends on the health status and physical fitness of the athlete to be trained (Bompa 1994) . Exercise can be performed 1 to 5 times per week depends on the goals to be achieved from the training program (Fox et al 1993) .
Duration is a measure the length of time of stimulation. In another word, it is the length of time in one face-toface training session (Emral 2017) . Exercise duration can be understood as a span of time in minutes or hours of exercise every week or months during an exercise program (Bompa 1994).
Effect of physical exercise intensity on irisin levels
Exercise induces irisin through an increase in the expression of peroxisome proliferator-activated receptor act coactivator-1 (PGC-1) gene, along with an increase in regulation of the expression of domainprotein type 5 III fibronectin gene (FNDC5). Furthermore, proteolytic fission of FNDC5 membrane protein in skeletal muscle and subsequent will release irisin into the bloodstream (Moreno-Navarrete et al 2013). Irisin releases fat cells in the blood circulation will stimulate the browning process in white adipose tissue and increases lipolysis resulting in a decrease fat accumulation (Perakakis et al 2017) .
Improved program and regular physical training will certainly improve a person's quality of life. However, when a person has a lesser physical activity and exceed energy input than output, then most of the excess energy will be stored as fat, continuously build up fat mass which results in health problems (Guyton & Hall 2014) .
Irisin is a type of myokine found by Boström in 2012 which is secreted while exercising and causes changes in subcutaneous fat tissue in experimental animals thereby improving weight regulation and glucose homeostasis (Boström et al 2012) . Level of irisin plasma responds to continuous moderate-intensity exercise (CME) and high-intensity interval exercise (HIIE) exercises in women and men with normal BMI, obtained results of an increase in both types of exercise. However, a significant increase occurred in HIIE, where the increase of irisin levels up to 30% within ±5 minutes after exercise and lasts up to 1 hour after exercise as shown in Figure 3 (Huh et al 2014).
Figure 3. Maximum Irisin Concentration after HIIE and CME exercise.
Whereas, in another study mentioned that the time to increase irisin levels was different, where irisin response at a single exercise increased after 6 hours (18%) and 19 hours (23%) at HIIE, when compared to low intensity exercise (LIE) which decreased irisin response as shown in Figure 
CONCLUSION
Exercise plays a role in increasing energy output through fat browning modulation of WAT to the nature of BAT. This increase in energy output is caused by an increase in thermogenesis of WAT. HIIE increases irisin secretion higher than other intensities hence it more effective when used for obesity intervention.
